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Detecting	gamma-ray	atmospheric	showers	

Two	techniques	
– Cherenkov	
(high	
sensitivity	&	
accuracy,	small	
Field	of	View,	
at	night)	

– EAS	arrays	
(worse	
sensitivity	&	
accuracy,	large	
FoV,	always)	

2	

~4.5	km	asl	

~2	km	asl	



Shower	development	

MAGIC	HAWC	

Rossi	“Approximation	B”	



Last	20	years:	success	of	Cherenkov	astrophysics	
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The	future	of	Cherenkov	detectors:	CTA	

Characteristics 
2 sites (north & south) 
3 telescope size classes 
About 120 telescopes in total 

LST (!23m) 
MST (!12m) 

SCT (!10m) 

SST (!4m) 

3 km 

1 km 

South North 



EAS design: HAWC in Mexico 
Smaller sensitivity/unit time 
Larger FoV & exposure 


Still	a	strong	science	case	for	EAS:	serendipity:	transients/GRBs,	…	

4.2	km	asl	



Coverage	>	0.1	km2	
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5195	Scintillators	
- 1	m2	each	
- 15	m	spacing	

1171	Muon	Detectors	
- 36	m2	each	
- 30	m	spacing	

3000	Water		
Cherenkov	Cells	
- 25	m2	each	
 
12	Wide	Field		
Cherenkov	Telescopes	
	
¼	ready	in	2020	

LHAASO
Sichuan,	China,	4410	m	asl	

25%	ready	in	2020	

HAW
C	



9	



E2dN/dE	=	νF	ν

SENSITIVITY (STEADY SOURCES)

[erg/cm2s]	

Ferm
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Pass	
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Current	Cherenkov		
telescopes	(50	
h)	

HAWC	w	OR	
5	yr	

From	W.	Hofmann	

CTA	
South		
50	h	

LHAASO	
1	yr	

Up	to	z	~0.1	
PeVatrons	are	here	

GC,	Crab,	…	
	
	
	
	
	



HAWC+,	LHAASO	funded,	but	there	is	a	strong	case	for	a	
wide-field	experiment	in	the	Southern	hemisphere	
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Several	different	proposals	
GROUPS	RECENTLY	CONVERGED	

to	a	common	R&D	group	
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Price	Target:	~40-50	MEUR	



SWGO:	a	world-based	project	for	the	R&D	of	the	Southern	
Wide-field	Gamma-ray	Observatory	

•  A	3-year	project	starting	on	
July	1st,	2019	

•  Signed	by	Parties	in	
Argentina,	Brazil,	Czech	
Republic,	Germany,	Italy,	
Mexico,	Portugal,	UK,	US	(+	
groups	from	Chile,	China,	
France,	Japan,	Slovenia,	
Spain,	Sweden,	Peru)	

•  Italy:	INAF	+	University	
Consortium	(BA,	CT,	PD,	PG,	
PoliMI,	RM2,	SI,	TO,	TS,	UD)	 Alessandro	De	Angelis	 14	

SWGO	-	Outer	
8%,	220	000	m2	

SWGO	-	Inner	
80%,	80	000	m2	



The	Steering	Committee	

•  Argentina:	Adrian	Rovero	(IAFE)	
•  Brazil:	Ron	Shellard	(CBPF)	
•  Czech	Republic:	Jakub	Vicha	(Academy	of	Sciences)	
•  Germany:	Jim	Hinton	(MPI-K	Heidelberg)	
•  INAF:	Marco	Tavani	(IASF	Roma)	
•  Italy	University	Consortium:	Alessandro	De	Angelis	(Padova)	
•  Mexico:	Andres	Sandoval	(UNAM)	
•  Portugal:	Mario	Pimenta	(LIP	Lisboa)	
•  UK:	Paula	Chadwick	(Durham)	
•  US:	Petra	Huentemeyer	(Michigan	Tech)	

ITALIAN	GROUPS:	
•  Torino:	Andrea	Chiavassa,	…	
•  Padova:	Michele	Doro,	Ruben	Lopez-Coto,	Cedric	Perennes,	…	
•  …	



Site	Considerations	

◉ 	Host	country	
◆  Legal,	political,	economic,		
security,	…	

◆  Local	partners	
◉ 	Local	Infrastructure	

◆  Road	access,	water	
access,		power,	network	

◉ 	Altitude	
◆  >4.5	km	

◉ 	Longitude	
◆  Not	much	choice	given	high	altitude	

◉ 	Latitude	
Peru	
 
bol	

Sites	in	Argentina,	(Bolivia),	Chile,	Peru	



Site	
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Some	criteria	for	evaluating	performance	

•  Sensitivity	
•  Stable	sources	
•  Transients	

•  Space	resolution	

•  Exposure	(with	some	caveats)	

•  Energy	resolution	



E2dN/dE	=	νF	 ν

SENSITIVITY (STABLE SOURCES)
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Current	Cherenkov		
telescopes	(50	
h)	

HAWC	w	OR	
5	yr	

From	W.	Hofmann	
+	A.	De	Angelis	

CTA	
South		
50	h	

LHAASO	
1	yr	

						

SGSO	
1	yr	

MST	

SST	

Crossover	at	~	5	TeV	



THE LOW ENERGY CASE: TRANSIENTS

SWGO	 106	
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Michele	Doro	-	Final	Report	RTD-B	-	Padova	19/02/2019	 22	

SWGO	

SWGO	



THE HIGH ENERGY CASE: 
SENSITIVITY (>~5 TeV)? 



•  The	problem	is:	how	many	photons	do	we	observe?	

•  From	Crab	



(FLARE) SENSITIVITY (>~5 TeV)? PeVatrons?

•  Above	5	TeV,	from	1	Crab	you	have	only	~3	photons/km2/h	
•  Time	threshold	for	SST	from	1	Crab	is	~1.2h	

•  Even	with	100	h,	~2000	photons	
•  Time	threshold	for	SWGO	from	1	Crab	is	~24h	

•  ~100	photons	in	100h	

•  BUT	in	CTA	the	MSTs	dictate	the	threshold!!!	
•  From	1	to	5	TeV,	from	1	Crab	you	have	~600	photons/km2/h	

•  Time	threshold	for	MST	from	1	Crab	is	~3	min	
•  Time	threshold	for	SWGO	from	1	Crab	is	~1h	

•  CONCLUSION:		
•  Steady	sources:	SWGO	sensitivity	better	than	CTA	(space	domain	

irrelevant)	
•  SSTs	can	be	used	for	imaging	only	for	sources	at	Crab		

•  Transients	in	PeVatron	physics	at	CTA	will	be	dominated	by	the	MST	
•  Energy	resolution	better	for	the	SSTs.	But	how	many	points	>	5	TeV?	



Work	in	Padova:	optimization	of	
photosensors	location/size/kind	

1.  At	5000	m	asl,	tall	tanks	might	be	unpractical	
2.  We	aim	at	lowering	the	energy	threshold	<1	

TeV	

•  Design	criteria	
–  Inner	walls	covered	with	white	diffusing	Tyvek	

to	enhance	signal	(80%	diffuse,	2%	reflected)	
–  Access	to	Cherenkov	time	distribution	
–  Image	the	WCD	signal	

•  Many	photosensors	

Michele	Doro	–	GAM	Meeting	Padova,	Jun	21	2019	 25	
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Simulation	in	Padova	

•  Cedric	Perennes,	
Michele	Doro	+	LIP	
Lisboa	are	developing	
simulation	with	
– optical	raytracing	with	
open-source	ROBAST	
code	

– Physical	with	GEANT4	
(LattesimàCommon	
code)	
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Number	of	reflections	

Angle	of	incidence		
onto	photodetector	

PMT	detailed		
hitting	map	

PMT	events		
for	full	unit		

•  Imaging	from	this	seem	feasible	
–  Direction	J	
–  Energy	deposited	K	
–  Particle	type	K		

Michele	Doro	–	GAM	Meeting	Padova,	Jun	21	2019	



SWGO	in	summary	

•  A	3-years	R&D	project	on	an	EAS	in	South	America	will	start	on	July	1st;	with	a	
target	cost	of	~40-50	MEUR,	it	involves	a	wide	community	

•  Some	of	the	scientific	highlights,	complementary	to	CTA,	are	clear	
–  E	>	5	TeV,	stable	sources	
–  Transients	in	the	multimessenger	era	
–  Diffuse	sources	at	VHE	
–  The	unexpected	(serendipity)	

–  Can	the	EAS	threshold	be	lowered	to	100s	GeV?	
	

•  The	role	of	politics	(observatories,	ERIC/ESO	vs.	US+MoUs,	etc.)	can	be	relevant	

•  1st	General	Meeting	in	Padova,	October	30/31	–	Everybody	welcome,	also	to	subscribe	
in	Working	Groups:	
–  Science	case	development	
–  Simulations,	analysis	and	array	optimization	
–  Candidate	site	evaluation		
–  Detector	design	development	
–  Outreach	




